FIFE was designed to supply enough ground measurements to characterize the scale-dependent variation of surface climate parameters. Net or incoming solar radiation was measured at 16 sites over the 256-km 2 experiment site, a sampling density sufficient to account for atmospheric inhomogeneities but still too coarse to capture topographically induced variability in radiation. The only means of describing this scale of variation is through modeling on topographic grids. By quantifying the spatial and temporal variability in modeled radiation we may also be able to infer variation in other climate parameters associated with radiation.
In modeling solar radiation over complex terrain, modeling scales are limited by the grid spacing and size of the grid. To calculate the diffuse irradiance, a sky view factor the ratio of diffuse sky irradiance at a point to that on an unobstructed horizontal surface, is calculated from the slope, aspect, and horizon data. The sky view factor accounts for the slope and orientation of a point and the portion of the overlying hemisphere visible to the p6int. It can also be adapted to account for anisotropy in the diffuse irradiance, but the two-stream equations assume that diffuse irradiance is isotropic. Va on slope S with azimuth A is found by projecting each element of the sky onto the slope and integrating over the unobstructed hemisphere, i.e., from the zenith downward to the local horizon, through angle H•, for each direction •. For an unobstructed horizontal surface, HO = z-/2. The horizon can result either from "selfshadowing" by the slope itself or from adjacent ridges. In summary, for a constant-slope terrain model, the magnitude of the variance depends on slope, but the Sun angle at which the maximum variance occurs is independent of slope, being completely determined by the optical depth. For any given optical depth there is a solar zenith angle at which variance is a maximum.
We emphasize that this result is derived solely from consideration of the direct solar component and not from the full two-stream model and assumes a constant albedo, optical depth, and terrain slope. Note that/x s is negative when the slope is self-shaded. We have implicitly constrained/x s to be nonnegative in the derivations of the mean and variance, which means that the Sun must be above the angle where shadows can occur. This will not affect the result because for most landscapes the incoming beam is heavily attenuated when the Sun is low enough for shadowing to It should be stressed that although these average values are realistic, they are not actual values for the particular days studied. However, we are more interested in describing relative spatial variation of radiation than in estimating actual radiation values for validation and calibration pur- Table 2 ). The maximum variance for the constant-slope model occurs at a zenith angle whose cosine is 0.53 (58ø).
Each semivariogram was then fitted to a variety of parametric curves using a least squares criterion [Caceci and Cacheris, 1984 ]. An exponential curve of the form y(h) = C(1 -e -h/r)
fit the data best, where y(h) is the semivariance at a distance h, C is the sill variance, and r is a distance parameter related to the range, a measure of spatial dependence. 
3/(h, t)= «E{[F(x + h, t)-F(x, t)] 2} (14)
where t is a time variable and x is a position vector. This statistic is useful for summarizing the spatiotemporal characteristics of the data by effectively showing the behavior of the range and sill variance through time. The reason it has not been used previously for radiation is that while conceptually straightforward it demands a considerable amount of computation. The drop in variance between grids agrees with that estimated by (7) when the mean slope for each grid is substituted for S. From In (7), radiation variance increases proportionally to sin 2 S.
RESULTS

Terrain
We derived this result from a constant-slope model which considers only direct solar irradiance, but the relationship seems to hold using the full two-stream atmospheric radiation model [Dubayah et al., 1989 ]. In addition, since the sill variance of a semivariogram is an estimate of the variance, the height of the sill also should vary as sin 2 S.
The variance of the simulated two-stream data is greater than would be estimated from (7). The primary reason for this is that there is no variance in the slope distribution of a constant-slope model. Real terrains always have slope variability that must necessarily contribute to radiation variability. Exactly how these are related is a subject for further research.
Optical depth. For a terrain with a constant slope and albedo, and a uniform distribution of aspects, timedependent spatial variability in radiation can be estimated as a function of optical depth. Variance decreases as optical depth increases. This reflects the greater contribution of diffuse sky irradiance, which is isotropic in the two-stream model and therefore independent of terrain orientation. In addition, the solar angle at which variance is a maximum depends exclusively on optical depth.
At larger optical depths the maximum variance occurs at smaller solar zenith angles. When the Sun is low in the sky, the attenuation due to the atmosphere is large enough that the difference between shadowed and sunlit slopes is less than occurs when slopes are differentially illuminated by more intense radiation. As the Sun reaches a certain angle, the variance between slopes is maximized and then decreases as the Sun continues higher in the sky. There is a trade-off between shading and atmospheric attenuation. If the Sun is too low, the increased effects of shading are offset by increased attenuation. If the Sun is too high, the decreased attenuation is offset by decreased shading. As optical depth increases, the increased attenuation means that the angle at which the variance is maximal must decrease to achieve the same illumination. for example. between the top of a ridge and a valley bottom. Likewise, if there is significant variability in albedo such as that caused by intermittent snow cover, the variability in reflected direct and diffuse terrain radiation could also be important. In general, such variability will contribute to the total variation across a region. If the terrain has a strong spatial alignment, i.e., nonuniform distribution of aspects, the variance will then depend not only on slope, optical depth, and zenith Sun angle but also on solar azimuth, for example, when the Sun is aligned along or across a directional trend in a ridge and valley system. Furthermore, this also could cause the solar zenith angle at which the variance peaks to shift.
CONCLUSION
We have presented a method for exploring the topographic modulation of clear-sky incoming radiation. A two-stream atmospheric radiation model together with digital elevation data can be used to obtain the temporal and spatial distribution of this energy. Using this method for the Konza Prairie, we found that the variance and spatial autocorrelation of the simulated radiation data changed with Sun angle and elevation grid spacing. As grid spacing increased, variance decreased, and spatial autocorrelation increased. Variance was largest at a particular solar zenith angle (about 60ø), independent of grid spacing.
An analytical expression describing the behavior of the variance as a function of Sun angle, optical depth, and mean terrain slope can be derived by considering direct solar radiation variability on a constant-slope terrain having a uniform albedo and a uniform distribution of slopes. For a given zenith Sun angle, optical depth, and exoatmospheric irradiance, variance is scaled as a function of slope. Furthermore, the solar zenith angle at which variance is maximized is determined by the optical depth. Spatial autocorrelation in simulated two-stream radiation is mainly a function of aspect autocorrelation. We attribute the decrease in mean slope and the increase in slope and aspect autocorrelation to a loss of some of the shorter-wavelength terrain features at coarser grid spacings.
Further work is needed to relate the spatial distribution of radiation to terrain variability. How does slope and aspect variability control radiation variability? If we can find appropriate measures of terrain variability as related to actual radiation variances, then it might be possible to predict the semivariogram a priori from terrain considerations, without having to model the radiation explicitly. For a given type of terrain (alpine, prairie, coastal, etc.) a few elevation transects, perhaps obtained from contour maps, might be enough to characterize the terrain variability of these landscapes (for example, by providing estimates of mean slope, autocorrelation, variance, and frequency distributions of slope and aspect). These could then be used to develop an efficient sampling and stratification scheme with a minimum of radiation modeling and without obtaining a complete digital elevation model.
